Take-down policy If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately and investigate your claim. The mono(amidinate) iron(II) ferrate complex [{PhC(NAr) 2 }FeCl(l-Cl)Li(THF) 3 ] (1, Ar = 2,6-iPr 2 C 6 H 3 ) was prepared and was found to undergo ligand redistribution in non-coordinating solvents to give the homoleptic [{PhC(NAr) 2 } 2 Fe] (2) as the only isolable product. Reaction of 1 with alkylating agents also induces this redistribution, but the presence of pyridine allows isolation of the four-coordinate 14 VE monoalkyl complex [{PhC(NAr) 2 }FeCH 2 SiMe 3 (py)] (4). Generation of the 12 VE alkyl via pyridine abstraction from 4 by B(C 6 F 5 ) 3 again induced ligand redistribution. Attempts to trap a 12 VE alkyl species with CO led to the isolation of a dimeric Fe(0)-Li-ferrate complex (3) with a carbamoyl ligand, derived from CO insertion into the iron-amidinate bond.
Introduction
Electron-poor (≤14 valence electrons (VE)) alkyl complexes of iron are of interest because of their likely involvement in the coordination polymerisation of olefins. Recently, 14 VE cationic Fe(II) monoalkyls supported by a terdentate pyridine-2,6-diimine (PDI) ligand were isolated and were shown to be competent in the catalytic polymerisation of ethene.
1,2 Nevertheless, definite proof for the nature of the active species in this system remains to be obtained. Thus far, high activity in Fe-catalysed olefin polymerisation has been achieved only using neutral ligands incorporating the PDI skeleton.
3
Neutral bidentate ligands have been employed to stabilise Fe(II) dialkyls, 4,5 but none of these has been reported as a polymerisation catalyst. Also, no highly active catalysts supported by monoanionic ligands have been reported, although various interesting Fe(II) monoalkyls with 14 VE are known.
6-9 More electron-deficient, three-coordinate Fe(II) monoalkyls (12 VE) have been obtained with b-diketiminate ligands with sterically demanding 2,6-iPr 2 C 6 H 3 substituents on the nitrogen atoms.
10,11
These do not display alkene insertion into the Fe-alkyl bond, however, although alkene insertion into the Fe-H bond of the corresponding hydride has been observed.
10c,d
A possible way to enhance the reactivity of these neutral 12 VE systems is to open up the available space around the metal centre by the (conceptual) removal of two carbon atoms from the b-diketiminate NCCCN backbone: this leads to the amidinate ligand framework. Previous studies on the coordination chemistry of bis(amidinate) Fe(II) complexes with sterically demanding benzamidinates [PhC(NAr)(NAr )]
− , (Ar = 2,6-iPr 2 C 6 H 3 , Ar = Ar, 2,6-Me 2 C 6 H 3 ) have shown that the amount of steric congestion imposed by these ligands can have important consequences for the coordination geometry of the resulting Fe(II) complexes.
12
Here we describe the preparation and reactivity of mono(amidinate) organoiron(II) complexes of the sterically demanding benzamidinate [PhC(NAr) 2 ] − (Ar = 2,6-iPr 2 C 6 H 3 ). Reduction of the chelate ring size by two carbons is found to result in organoiron(II) chemistry very distinct from that of the related b-diketiminate ligands.
Results and discussion
Reaction of equimolar amounts of Li[PhC(NAr) 2 ] and FeCl 2 in THF forms the pale yellow ferrate complex [{PhC(NAr) 2 }FeCl(lCl)Li(THF) 3 ] (1) (Scheme 1).
Scheme 1
Isolation was performed by extraction with pentane and crystallisation from THF-hexanes. The isolated yields (20-70%) were found to depend critically on the workup conditions. The extraction must be conducted rapidly and at low temperatures as the monoamidinate complex is unstable in hydrocarbon solvents (vide infra).
The molecular structure of 1 ( Fig. 1 ) was established by X-ray diffraction. Selected interatomic distances and bond angles are given in Table 1 . The asymmetric unit contains one ferrate complex and an uncoordinated THF molecule, which is readily lost from the lattice in vacuo or upon drying in a nitrogen stream. The iron centre is pseudotetrahedrally coordinated by a chelating amidinate ligand and two chlorides. One of the chlorides bridges to a lithium ion, which is solvated by three THF molecules. Two of these are heavily disordered (see Experimental for details).
In contrast to the related b-diketiminate ferrate [{H(C(Me)NAr) 2 }Fe(l-Cl) 2 Li(THF) 2 ], 13 in which both chlorides bridge the Fe and Li centres, the amidinate complex 1 displays one bridging and one terminal chloride. Consistently, the Cl-Fe-Cl angle in 1 is ca. 22
• wider than in the b-diketiminate complex, in response to the smaller bite angle of the amidinate ligand compared to the b-diketiminate. The aryl rings make angles of 69.4(2) and 80.3(2)
• with the N-Fe-N coordination plane. In comparison with the b-diketiminate ferrate complex mentioned above, the aryl groups in 1 are less efficiently shielding the iron centre, as evidenced by the comparatively large C ipso -N-Fe angles (140.3
• (av.) for 1 vs. 117.1 • (av.) for the b-diketiminate).
13
The Fe-N distances are identical within experimental error, indicating symmetric coordination of the ligand. The N1-Fe-N2 bite angle (63.78 (11) • ) is within the range usually observed for amidinates.
14, 15 Delocalisation within the amidinate NCN frame is evidenced by the equal CN bond lengths, although the nitrogen atoms show some slight deviation from planarity (R N1 = 358.3
• , R N2 = 356.5
• ). Compound 1 possesses a room temperature magnetic moment l eff. = 5.4 l B in benzene, consistent with 4 unpaired electrons in combination with a small orbital contribution. 16 The paramagnetism of 1 is also evident from its 1 H NMR spectrum in C 6 D 6 . Seven broad resonances are observed between +30 and −30 ppm in a 300 ppm frequency window. The broadness and consequent low intensity of some of the resonances renders integration inaccurate, complicating full interpretation of the spectrum. Nevertheless, some tentative assignments could be made for the larger signals. For instance, the diastereotopic methyls of the isopropyl groups appear at d − 17. The symmetrisation in THF-d 8 is fast on the NMR timescale down to −50
• C.
Thermal stability
As noted above, the isolated yield in the preparation of 1 depends strongly on the workup conditions. Solutions of pale yellow 1 in aromatic hydrocarbons or alkane solvents are not stable at room temperature, slowly turning green over the course of several hours with concomitant precipitation of a white solid. The green product was identified by 1 H NMR spectroscopy as the previously described bis(amidinate) complex [{PhC(NAr) 2 } 2 Fe] (2) 12 (Scheme 1), which could be isolated in 48% yield (based on Fe). The precipitate was not characterised, but mass balance suggests that it consists of LiCl and FeCl 2 .
There are several literature examples in which the synthesis of mono(amidinate) transition metal complexes is complicated or thwarted by ligand redistribution leading to bis(amidinate) complexes, regardless of the stoichiometry employed.
17,18
Amidinate ligand redistribution can sometimes be circumvented by employing additional chelating donor ligands. Thus, Lee et 
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The in situ generation of iron alkyl species from 1 was probed by 1 Apparently, the putative iron alkyls, like the chloride precursor 1, decompose in the absence of a donor solvent. The formation of alkyl coupling products suggests that decomposition involves radical pathways, or reductive elimination from FeR 2 species, the latter stemming from the ligand redistribution.
Alkylation in the presence of CO
An attempt was made to trap the putative amidinate iron alkyl species with CO. Earlier it was reported that three-coordinate (bdiketiminate)Fe(alkyl) compounds react with CO to form stable five-coordinate acyl dicarbonyl complexes. 23 Reaction of 1 with LiCH(SiMe 3 ) 2 in the presence of excess CO led to the isolation of the dark red dimeric lithium carbamoyl ferrate 3 (Scheme 2). 
The nature of 3 was established by single crystal X-ray diffraction (Fig. 2) . Pertinent bond lengths and bond angles are listed in Table 2 . − ferrate anions bridged by two solvated Li + ions. Each iron is bound to a chelating carbamoyl ligand and three carbonyls, one of which is bridging in a linear fashion to the Li + ion. The latter is also bound to the carbamoyl oxygen of the other ferrate fragment, and two THF molecules.
The ligands establish a distorted trigonal bipyramidal coordination geometry around iron with the carbamoyl carbon and one terminal carbonyl occupying the apical positions (C132-Fe-C134 = 173.36 (16) • ). The equatorial plane is defined by the carbamoyl nitrogen (N11) and the two other carbonyls, the sum of their angles with the iron centre being 358
• . Within the carbamoyl moiety, C113-N11 (1.297(4) Å ) is significantly shorter than C113-N12 (1.383(4) Å ), giving the former slightly more double bond character. The chelate ring, however, is essentially planar, indicating at least some delocalisation. The linear bridging mode is unusual for the CO ligand, though not unprecedented. In cases where CO acts as a linearly bridging ligand, the most electropositive metal centre is usually bound to the oxygen atom.
25-27
Characterisation of 3 by 1 H NMR spectroscopy was frustrated by the persistent presence of metallic iron in the red THF-d 8 solutions of this compound, possibly as a result of photolysis of the product. The spectra show broad, overlapping resonances between +10 and 0 ppm. The chemical shift range confirms the diamagnetic nature of 3 as suggested by its 18-valence electron count. The IR spectrum is more informative and consistent with the solid state structure. Absorptions for the terminal carbonyls (v CO(term.) ) are found at 1883 and 1961 cm −1 , while the linearly bridging COs absorb at a lower frequency (v l-CO = 1814 cm −1 ). The carbamoyl CO stretching absorption v C(O)N for 3 is observed at 1556 cm −1 . Due to its light-sensitivity and loss of cocrystallised THF from the lattice, no satisfactory elemental analysis could be obtained for the compound.
Although mechanistic details for the formation of 3 are unclear, reduction of Fe(II) is likely to be induced by the alkyllithium reagent, as ferrate 1 itself does not react with CO under similar conditions. GC-MS analysis of the reaction mixture revealed the presence of bis(trimethylsilyl)methane, probably formed through hydrogen abstraction from the solvent by bis(trimethylsilyl)methyl radicals. The coupling product of CH(SiMe 3 ) 2 radicals, 1,1,2,2-tetrakis(trimethylsilyl)ethane, however, was not observed, suggesting that reductive elimination from a dialkyliron(II) species does not take place here. The chromatogram also showed the presence of a compound with m/z = 186, which corresponds to bis(trimethylsilyl)ketene (Me 3 Si) 2 C=C=O. 28 The ketene might be the b-H-elimination product of an iron acyl complex [Fe]-C(O)CH(SiMe 3 ) 2 , which in turn could be formed by CO insertion into the Fe-C bond of an iron alkyl species (Scheme 3).
Scheme 3 Possible mechanism for the formation of bis(trimethylsilyl)ketene.
Alkylation in the presence of pyridine
The NMR tube scale alkylation experiments described above suggest that substitution of chloride in 1 for an alkyl ligand is possible, but that a Lewis base is required to suppress ligand redistribution leading to 2.
Apparently, THF is an insufficiently strong base to remain bound to iron during the workup procedure. Therefore, alkylation of 1 was studied in the presence of a stronger donor ligand than THF. In a one-pot reaction, ferrate 1 was generated in THF and reacted in situ with pyridine followed by addition of LiCH 2 SiMe 3 . Extraction with pentane and crystallisation from the same solvent afforded orange crystals of [{PhC(NAr) 2 }FeCH 2 SiMe 3 (py)] (4) in 38% isolated yield (Scheme 4). The modest isolated yield appears to be mainly due to the high solubility of 4 in pentane.
Scheme 4
Fig . 3 shows the solid state structure of 4 as determined by X-ray diffraction. The asymmetric unit contains two independent molecules of the iron complex. In view of their structural similarity, only one of these is discussed here. Pertinent bond lengths and bond angles for 4 are listed in Table 3 .
The iron centre in 4 is ligated in a distorted tetrahedral fashion with angles between the coordinating atoms in the range of 64-135
• . The bite angle (N11-Fe-N12 = 63.62(7)
• ) is close to that in 1. The amidinate ligand is bound to Fe in the chelating mode, although slightly less symmetrically than in 1, as evidenced by small, but significant differences in the Fe-N and amidinate C-N distances (D Fe-N ≈ 0.04 Å , D C-N ≈ 0.03 Å ). This small tendency towards amido-imino character is also evident from the full planarity of N12 (R LN12 = 359.65
• ), while N11 is more distorted (R LN11 = 354.80
• ). The pyridine ligand is roughly orthogonal (84.58 (11) • ) to the Fe-N-C-N coordination plane, while the aryl groups and the phenyl ring are inclined at 66.15(10), 74.83(10) (Ar) and 43.42(10)
• (Ph) with respect to this plane. The Fe-C distance in 4 (2.049(2) Å ) is similar to 
29
The Fe-C-Si angle (118.76 (14) • ) is relatively large, probably in response to steric interactions between the trimethylsilyl group and the iPr substituents of the ligand. Steric crowding is also evident from the unsymmetric C-Fe-N(amidinate) angles of 135.02 (8) and 122.06 (9) • . Monoalkyl complex 4 has an effective magnetic moment l eff. = 5.5 l B in benzene at ambient temperature. The high-spin nature of the compound is also manifested in the 1 
Reactivity with Lewis acids and ethene
Using methyl alumoxane (MAO) as cocatalyst (Al/Fe = 500), the chloride complex 1 and alkyl derivative 4 were tested for activity in ethene polymerisation (P C2H4 = 10 bar, T = 50
• C). In neither case was significant ethene consumption seen, and no polymer was obtained. The observed lack of activity for 4/MAO contrasts with the patent literature, in which the benzamidinate iron alkyl complex [{PhC(N-2,4,6-Me 3 C 6 H 2 ) 2 }FeCH 2 SiMe 3 (py)] is claimed as a catalyst precursor for olefin polymerisation upon activation with aluminoxanes or B(C 6 F 5 ) 3 (although characterisation data or activity figures are not provided for this specific iron complex).
31
The reaction of 4 with the Lewis acid B(C 6 F 5 ) 3 could proceed either by alkyl abstraction, or by abstraction of the pyridine base. The latter reaction is seen to occur upon treatment 4 with B(C 6 F 5 ) 3 in C 6 D 6 . The major products, as detected by 1 H and 19 F NMR spectroscopy, are the pyridine adduct of the borane (identified by independent generation from B(C 6 F 5 ) 3 and pyridine in C 6 D 6 ) and the bis(amidinate) complex [{PhC(NAr) 2 } 2 Fe] (2). A black film was deposited on the walls of the NMR tube suggesting coformation of Fe(0). Consistently, 1,2-bis(trimethylsilyl)ethane was detected by GC-MS analysis.
These products can be accounted for by the stoichiometry shown in Scheme 5. Formation of 2 upon pyridine abstraction from 4 is consistent with the instability of three-coordinate Fe(II) complexes of [PhC(NAr) 2 ]
− described above.
Scheme 5 Conclusions
Mono(amidinate) iron(II) complexes with the sterically demanding amidinate [PhC(NAr) 2 ] − (Ar = 2,6-iPr 2 C 6 H 3 ) can be prepared, but are subject to ligand redistribution processes in the absence of additional Lewis bases. In contrast to the corresponding b-diketiminate ligand, the orientation of the 2,6-iPr 2 C 6 H 3 substituents in the amidinate apparently offers insufficient steric protection to stabilise three-coordinated alkyl complexes of the type [{PhC(NAr) 2 }FeR]. Nevertheless, fourcoordinated (mono)amidinate Fe(II) alkyls can be generated as their Lewis-base adducts [{PhC(NAr) 2 }FeR(L)], although THF is too weakly coordinating to allow the isolation of these compounds. This is possible when the stronger base pyridine is used.
Experimental General considerations
All complexes are air-sensitive and were handled under a dry dinitrogen atmosphere using standard Schlenk and drybox techniques. THF (99.9% Aldrich) was percolated over a column 32 Magnetic data were corrected for diamagnetism using Pascal's constants. 33 Effective magnetic moments were calculated as l eff = 2.828
√ v m T.
X-Ray structure determinations
Collection, refinement and crystallographic data are given in Table 4 .
Suitable crystals were obtained by slow cooling of a hexane-THF solution to −30
• C. The crystal was picked from the mother liquor and was covered with inert oil to avoid deterioration due to loss of solvent from the crystal lattice. Some atoms (C24, C32, C64) belonging to the coordinated THF molecules showed unrealistic displacement parameters when allowed to vary anisotropically, suggesting dynamic disorder. The most heavily disordered THF ligands (ring 2 : O2-C36.C39 and ring 3 : O3-C40.C43) have been described by two site occupancy factors each. The s.o.f.s of the major fractions refined to values of 0.533(6) and 0.518(6), respectively.
3. Suitable crystals were obtained by recrystallisation from THF. The electron density of C33 was disordered over two positions, indicating conformational disorder. The s.o.f. of the major fraction of the component of the twin model refined to a value of 0.70 (1) . Some other atoms (O31, C31, C32, C64) belonging to the coordinated THF molecules also showed unrealistic displacement parameters suggesting some degree of disorder, which is in line with the weak scattering power of the crystals investigated.
4.
Suitable crystals were obtained by recrystallisation from pentane. Some atoms (C230 and C231) showed unrealistic displacement parameters when allowed to vary anisotropically, suggesting dynamic disorder. The smeared electron density for C230 and C231 has been described by two site occupancy factors with separately refined displacement parameters. The s.o.f. of the major fraction of the component of the disorder model refined to a value of 0.612(10).
CCDC were prepared according to literature procedures. [N,N -bis(2,6-diisopropylphenyl)benzamidine 41 was deprotonated by standard methodology using nBuLi (2.5 M in hexanes) in THF at RT.
12
All other chemicals are commercially available and were used without further purification.
Preparation of [{PhC(NAr) 2 }FeCl 2 Li(THF) 3 ]·THF (1)
A solution of Li[PhC(NAr) 2 ] (1.02 g, 2.27 mmol) in THF (15 mL) was added to a suspension of FeCl 2 (0.287 g, 2.27 mmol) in THF (10 mL) at 0
• C and the reaction mixture was stirred for 1 h at 0
• C. The solvent was removed in vacuo and residual THF was removed by stirring the mixture with pentane (10 mL) which was subsequently removed in vacuo. The product was extracted at 0
• C with pentane (40 mL) until the pentane was colourless. The combined extracts were evaporated to dryness, leaving a yellow solid. The solid was washed with cold pentane (15 mL, 2 times). The crude product was recrystallised from THF-hexane at −30
• C, yielding yellow crystals. Yield: 1.22 g (1.59 mmol, 70% 
Thermally induced ligand rearrangement of 1
A suspension of 1 (0.30 g, 0.38 mmol) in pentane (40 mL) was stirred at room temperature for 48 h. During this period, the colour changed from yellow to dark green and precipitation of a white salt was observed. The solution was filtered and concentration of the filtrate to ca. 5 mL afforded 2 as a dark green crystals. Yield 0.17 g (0.18 mmol, 48% based on Fe). The spectroscopic (IR, 1 H NMR) properties of the product correspond to those reported previously for 2. All manipulations were performed at 0
12
a w = 1/[r 2 (F o 2 ) + (aP) 2 + bP], P = [max(F o 2 ,0) + 2F c 2 ]/3. b R(F) = R ( F o | − |F c )/R |F o |, c wR(F 2 ) = [R [w(F o 2 − F c 2 ) 2 ]/R [w(F o 2 ) 2 ]] 1/2 , d GoF = [R [w(F o 2 − F c 2 ) 2 ]/(n − p)] 1/2 , n = # refl., p = # param. refined.
Reaction of 1 with
• C. A solution of Li[PhC(NAr) 2 ] (1.02 g, 2.27 mmol) in THF (10 mL) was added to a suspension of FeCl 2 (0.144 g, 1.13 mmol) in THF (5 mL) and the reaction mixture was stirred for 1 hour. A solution of LiCH(SiMe 3 ) 2 (0.188 g, 1.13 mmol) in THF (10 mL) was added dropwise to the reaction mixture in 30 min. After 30 min the reaction mixture was degassed and CO was admitted. After 3 h, the solution was allowed to warm to RT and THF was removed in vacuo. The residue was extracted with pentane (30 mL, 3×) and hot hexane (30 mL, 1×). The alkane solvent was removed in vacuo and the crude product was dissolved in THF. The solution was concentrated and pentane was slowly diffused into the solution yielding dark red, block-shaped crystals (0.20 g, 0.12 mmol, 21% based on FeCl 2 ).
IR (nujol mull, KBr): v max /cm −1 3058w, 1961s (C≡O), 1883s (C≡O), 1814s (C≡OLi), 1582w, 1556s (C=O), 1526w, 1493w, 1320w, 1262w, 1175w, 1103w, 1054m, 1009m, 913w, 834w, 805w, 784w, 747w, 711m, 696w, 679w, 631w, 587w, 551w, 538w, 477w.
1 H NMR analysis of the complex was frustrated by the formation of Fe(0) in the NMR tube, possibly due to photolysis. Broad, overlapping signals were observed in the diamagnetic region (+10-0 ppm).
Satisfactory elemental analysis for 3 could not be obtained due to the light-sensitivity of the crystals and the fact that cocrystallised THF is easily lost from the lattice.
Preparation of [{PhC(NAr) 2 }Fe(CH 2 SiMe 3 )(py)] (4)
N,N -2,6-(Diisopropylphenyl)benzamidine (780 mg, 1.77 mmol) was dissolved in THF (20 mL). n-BuLi (2.5 M in hexanes, 0.7 mL, 1.77 mmol) was added. The darkened solution was stirred for 30 min and transferred to a dropping funnel. The Liamidinate solution was added dropwise to a stirred suspension of FeCl 2 (THF) 1.5 (416 mg, 1.77 mmol) in THF (10 mL). After 1 h, pyridine (0.3 ml, 3.7 mmol) was added to the dark yellow solution. The colour of the solution became more intensely yellow in the course of 15 min. LiCH 2 SiMe 3 (167 mg, 1.77 mmol) was added, resulting in a dark yellow solution. After stirring for 15 min, all volatiles were pumped off. Residual THF/excess pyridine were removed by suspending the residue in hexanes and subsequent removal of all volatiles in vacuo (10 ml, 4×). The residue was then extracted with hexanes (30 ml, 3×), leaving an off-white salt. Cooling to −25
• C afforded orange crystals. Yield 440 mg (0.66 mmol, 38%). l eff (C 6 H 6 , 298 K) = 5. 1601w, 1579w, 1507s, 1482s, 1454s, 1434s, 1401s, 1360s, 1316,  1270m, 1251m, 1239s, 1214m, 1177w, 1153w, 1121w, 1098m,  1068w, 1053w, 1042w, 1027w, 1011w, 951w, 935w, 917w , 874, 851m, 824m, 808m, 785m, 770m, 761m, 751m, 738m, 724m, 697s, 551w, 539m, 510m, 492w, 477w cm 
Ethene polymerisation tests with 1 and 4
A stainless steel 1L autoclave (Medimex), fully temperature and pressure controlled and equipped with solvent and catalyst injection systems, was preheated in vacuo for 45 min at 100
• C prior to use. The reactor was cooled to 50
• C, charged with 250 mL of toluene and pressurised with ethene (10 bar). Cocatalyst (PMAO solution in toluene, 4.9 wt% Al (Al/Fe = 500)) was injected, followed by injection of the Fe complex in toluene (20 lmol in 5 mL). Temperature and pressure were monitored. After 30 min the runs were aborted by venting the reactor and addition of ethanol. Excess MAO was further destroyed by treatment of the toluene solution with ethanol/dilute hydrochloric acid. No significant amount of polymer was obtained.
